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THE PRINCE OF WALES 


The Prince has captured the popular interest, or perhaps the popular interest has captured 
the Prince, in part, at least, because he will some day inherit a large part of the earth's 
crust as head of the British Empire. Of especial interest to students of heredity is the fact 
he ‘is heir to one of the most complete records of ancestry in existence, the first seven genera- 
tions of which are here published for the first time. Many of his ancestors have been people 
about whom we have considerable information, either because their inborn ability or because 
the positions they occupied made such records of historical importance. If the publication of 
this pedigree calls attention to the scarcity of complete records of human ancestry, and 
encourages the accumulation of more complete data it will have served a very useful purpose. 
( Frontispiece. ) 
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THE ANCESTRY THE PRINCE 


WALES 


Mrs. O. 


A. MerrItT HAWKES 


birmingham, England 


William of Cleeves 


Joachim II of Brandenburg 


LEADERS IN THE REFORMATION 


FIGURE 1. 


Joachim II was one of the first supporters of the Reformation in Branden- 


burg, in spite of the fact that his father and the parents of his first and second wives were 


avowed enemies of the new movement. 


William of Cleeves unsuccessfully opposed Charles V, 


the champion of Catholicism in Germany, and was torced to rearrange his matrimonial affairs 
to suit his conqueror, putting aside his Protestant wife and replacing her with a guaranteed 


Roman Catholic. 


S very few people are acquainted 
with their ancestors further back 
than their grandparents, it is 

difficult to realize that everyone, even 
the most humble, has had in the past 
centuries a great number of ancestors. 
We all know that royal persons can 
trace their ancestry back for a_ long 
way into the past, but, as in making a 
genealogical tree all the lesser known 
persons are neglected, it is forgotten 
that they too have not only a long line 


Both William and Joachim II appear three times in the ancestry. 


of descent but also a multitudinous 
ancestry. 

We are in the habit of speaking of 
a line of descent and of mentioning 
some few persons, one in each genera- 
tion, from whom the illustrious are 
descended. ‘Thus, it is known that the 
Prince of Wales is descended from 
James the First and, in our imagina- 
tion, we see a long line stretching back 
for eleven generations, from the Prince 


to James. That particular line of 
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descent exists, it is true, but it is only 
one of a possible 7,024 lines which con- 
nect the Prince with the 2,048 ances- 
tors which he, or anyone else, may 
have had eleven generations back. An- 
cestry should not be looked upon as 
a line, but as an inverted cone made 
up of many converging lines. 

If, instead of considering the living 
individual we now turn to James the 
First, long dead, we find his descend- 
ants represented as a tree, like the 
typical tree of Jesse, with a nice main 
trunk much like a_ well-trained pear 
on an ancient farm wall. But this 
picture does not represent reality. 
Krom James there originated a number 
of lines of descent. Some reach to 
the present day, others ended at 
various times in the past. These lines 
of descent also make a cone, but one 
which is irregular and incomplete. 


Our Neglected Female Ancestors 


Another common error when study- 
Ing ancestry is to neglect the wives of 
ancestors. (Cur female ancestors mus! 
be just as numerous as our male, and 
their influence upon our physical and 
mental make-up is, on the average, 
just as important. But they are quiet- 
lv neglected and pass into oblivion with 
a vast concourse of unimportant and 
therefore neglected males. 

Each of us, prince or commoner, 1s 
the fruit, not always utilitarian, of a 
tree whose roots spread abroad in 
time and space. Our family tree, 
viewed scientifically and impartially, is 
more like a famiiv bush, for the main 
trunk, so characteristic of a tree, does 
not exist. [rom the point of view of 
position or money, the individuals of 


The 1st generation consists of 


The 2nd generation or grandparents consists of 
The 3rd generation or great-grandparents consists ot 
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one branch may be more important 
than those of another, but as ancestors, 
that is, as persons from whom we may 
inherit the multitude of characteristics 
that make up a human being, all the 
individuals of all the branches may 
be equally important. If, therefore, we 
are to have a true picture of any in- 
dividual, all the ancestors must be con- 
sidered studied. In known 
family has there been a continuous 
succession of ability and superiority 
along one branch to the complete ex- 
clusion of the others. Certain branches 
attain their importance, not because of 
the homogeneity of the branch, but be- 
cause of the importance of particular 
persons on the branch. 

It is useless to attempt to study an- 
cestry along many lines further back 
than twelve generations, because only 
very imeomplete records can be ob- 
tained beyond that time, even in royal 
families. Along one line, it may be 
possible to trace the ancestry of a per- 
son back to some individual in_ the 
eighth century, but that, we now real- 
ize, gives no adequate conception of 
the ancestry in that far-away time. 
Many ordinary folk do not know the 
names of their great-grandparents, but 
even rovalties do not know all their 
creat, great, great, great, great, great, 
ereat-grandparents! If the history of 
the ancestry is only carried tar enough 
back, it is found that even “the oldest 
families” are of obscure origin. 

The number of our ancestors doubles 
theoretically in each generation so we 
soon have a goodly number, thus tak- 
ing any individual, this is the mathe- 
matical result : 

2 ancestors 
4 ancestors 
ancestors 


The 4th generation or g,g, grandparents consists of 16 ancestors 
The 5th generation or g,g,g, grandparents consists of 32 ancestors 
The 6th generation or g,g,2¢,g, grandparents consists of 64 ancestors 
The 7th generation or g, 2g, 2g, 2,2, grandparents consists of 128 ancestors 
The 8th generation or g,g,2,g,2,g, grandparents consists of 256 arcestors 
The 9th generation or g,g, g,2,2,2,2, grandparents consists of 512 ancestors 
The 10th generation or g, g, 2,2, 2,2, Z,2, grandparents consists of 1,024 ancestors 


The 11th generation or g, g, 2, g, 2, 2, 


The 12th generation or g, g, g, 2, 2,2 


Total for twelve 


grandparents consists of 2,048 ancestors 


,2, grandparents consists of 4,096 ancestors 


8.190 ancestors 
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THE CONE OF ANCESTRY 


FiguURE 2. This cone represents a summary of the numerical relations of the Prince's 
ancestry for twelve generations. The figures on the outside on the right show the number 
of new ancestors he would have in each generation if he had the greatest possible number, 
i. c., if no ancestor appeared more than once. On the left of the cone are given the actual 
number of known new ancestors in each generation. The numbers on the two sides are alike 
tor four generations, but in the fifth generation the number of new ancestors 1s ten less than 
the maximum. The number of persons who appear more than once in each generation 1s 
shown on the right of the cone on the inside, while the numbers in the center, enclosed in 
circles, show the number of unknown ancestors in each generation. Thus, in the fifth 
generation, of thirty-two possible ancestors, six appear more than once and four are unknown, 
leaving twenty-two individuals who are known, and have not appeared before in the ancestry. 
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This table shows that if each person 
living in England today had all differ- 
ent ancestors, the population about the 
year 1600 would have been 4,096 times 
36,678,530, instead of a mere five mil- 
lions which was the approximate popu- 
lation at that date. There is evidently 
a considerable inadequacy of ancestral 
population. In this, England is not 
unique, for the same phenomenon oc- 
curs in every country. What has hap- 
pened is that some of our ancestors 
have been used time after time in our 
ancestry; cousins, near or distant, 
have married and thus the theoretical 
number of ancestors has been reduced. 


We are in the habit of regarding the 
inbreeding of royalty as a_ peculiarity, 
not realizing that everyone is more or 
less inbred. How far or in what meas- 
ure this inbreeding may occur in the 
common person, it is impossible 
know, but it is possible, by arduous 
labor to gather together a considerable 
amount of information about some 
royal personages. So far, this inquiry 
has been made for two persons only, 
the ex-Kaiser Wilhelm II, and, for the 
purposes of this paper, for the Prince 


of Wales. 


It is strange to think that while 
human ancestry has been thus neglect- 
ed, there are a number of animals, 
horses, cattle and pigs, whose ancestry 
is very completely known for more 
than twelve generations. 

Figure 2, the cone of ancestry, shows 
numerically, twelve generations of the 
ancestry of the Prince of Wales. The 
ancestors are completely known for 
three generations only, for in the third 
there was a love match which intro- 
duced a lady without recorded an- 
cestors; consequently in the fourth 
generation, two ancestors are already 
unknown. Other persons of unknown 
ancestry appear in the seventh, tenth, 
eleventh and twelfth generations so 
that finally there are 766 unknown per- 
sons out of a possible ancestry of 
4,096. 

In the first four generations there 
are thirty possible ancestors. These 


are all different in the Prince’s ances- 
try, but from that time on the same 
persons appear along. several lines, 
until, in the twelfth generation, 2,997 
of his possible 4,096 ancestors have 
appeared more than once and a few 
as many as six or seven times. 

Figure 9 shows a cone with a 
very few of the known ancestors. The 
thick line on the left represents the 
ancestral line with which our history 
books have familiarized us. this 
line, the Prince has seven’ English 
Kings as ancestors, but if another line 
through Queen Alexandra were given, 
it would show that during the same 
number of generations the Prince had 
ten Danish Kings as ancestors, so that 
he has more royal Danish blood than 
roval English blood. 

History tells us that Mary, Queen of 
Scots, and Henry Stuart, Lord Darn- 
ley were the ancestors of the Prince 
in the twelfth generation. but history 
in this matter, as in many others, 
only tells a part of the truth. Figure 2 
shows that they were only two of the 
3,320 persons (some repeated) who are 
known by name. Of this great number 
of people, six were in Scotland, about a 
dozen in France, and the remainder 
were scattered about Belgium, Holland, 
Denmark, Austria, Bohemia and Swe- 
den. Not one lived in England. 


Overlapping Generations 


generation is considered to be 
about thirty years, so that twelve gen- 
erations take us back 360 vears or ap- 
proximately to 1,540. But the length 
of a generation is very variable, with 
the result that the Prince had, in the 
twelfth generation, ancestors whose 
births were more than a century apart, 
for example, Albert of Meissen-I*ries- 
land (b. 1443), Theodore of Olden- 
burg (b. 1440), William of Julich, 
Cleeve and Berg (b. 1516), and 
Carolus of Limburg (b. 1569). 

Another curiosity of ancestry is the 
possibility of the same person occur- 
ring as an ancester in several genera- 
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Mary of Guise James V of Scotland 


Ang Sco Fran 
fald by 


Mary, Queen of Scots James I of Great Britain 


FRENCH AND SCOTCH ANCESTORS 


Figure 3. Mary of Guise and James V of Scotland were the parents of the unfortunate 
Mary Queen of Scots—mother of. James | of Great Britain, the first king of both England 
and Scotland. It is a curious fact that the same person can appear a number of times as an 
ancestor, and even in different generations (See Figure 9). As the great-great-grandmother 
of George I, Mary Queen of Scots appears five times as an ancestor of the Prince of Wales 
in the eleventh and twelfth generations. History tells us that James I was of a weak consti- 
tution, but was a daring rider, and once nearly lost his life by being thrown from his horse 


into a river. This would prove a fertile source of speculation in view of his’ descendant’s 
numerous equestrian mishaps. 
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FREDERICK HENRY OF ORANGE 

Figure 4. Grandson of Admiral Col gny 
and able successor of his father, Wilham the 
Silent, Frederick Henry of Orange died 
almost at the beginning of a very promising 
career. William the Silent and Coligny, 
probably the most gifted of the ancestors ot 
the Prince of Wales, were of relatively 
humble origin. Members of Coligny’s family 
had held positions of some importance in the 
French government for several generations, 
but were not of the nobilitv. The ancestors 
ot William were rulers of an unimportant 
estate in the Netherlands. 


tions, each time, of course, along a 
different line. Thus George of Erpach 
(d. 1605), was an ancestor in the ninth, 
tenth, eleventh and twelfth generations. 
William the Silent occurs in the tenth 
and eleventh and Mary, Queen of 
Scots, in the eleventh twelfth. 
(Figure 9.) 


Distinguished Ancestors 


When thinking of the English Royal 
Family, there is a tendency to dwell 
unduly on the Georges, because fate 
made them ancestors who were kings, 
and to forget what a large part was 
plaved by the House of Coburg-Gotha, 
whose members were comparatively 1n- 
conspicuous because they were not 
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“THE GREAT COLIGNY” 


igure 5. Gaspard of Coligny, Huguenot 
and admiral of France, led the Protestants 
in their struggle to gain religious treedom 
in the bloody wars that divided France during 
the Sixteenth Century. His implacable oppo- 
nents were the family of Guise. Mary ot 
(guise, the wife of James I, was the aunt of 
the man who planned the assassination of 
Cohgny on St. Bartholomew's Night. The 
Prince has not many French ancestors, and it 
is a strange paradox that he should trace his 
descent trom the leaders of the opposing 
parties in this fierce strugele. 


roval. fo this family, a great contrast 
to the dull stupid Hanoverians, 
there belonged the Prince Consort, the 
husband of Queen Victoria and Vic- 
toria Mary of Saxe-Coburg, her mother. 

The Prince Consort, through his 
mother, was descended from a family, 
which had been cultured and enlight- 
ened for a number of generations. 
Among her ancestors, and therefore an 
ancestor of the Prince of Wales, was 
ernest Il of Saxe-Gotha-Altenbureg, 
known as “Protector of the Sciences.” 
He was a distinguished mathematician 
and wrote a book on astronomy. Fis 
wife, Charlotte of Saxe-Meiningen, was 
also interested in this) subject and 
helped him with his observations. He 


‘ 
3 
280 
| 
_— 
OC 
q 
| 
| 
» 


Merritt-Hawkes: Ancestry of Prince ot Wales 281 


+). 


il! 


WILLIAM THE SILENT 


Figure 6. Who made history not only during his eventful lifetime, but in later 
generations also, through his children. By his four wives he had thirteen children, all 
of whom married into important families. With two of his wives, Charlotte of Bourbon 
and Louise of Coligny, he appears in the ancestry of the Prince. He was succeeded by 
his able son, Frederick Henry, under whose leadership the Dutch Republic reached the 
zenith of its greatness. * 
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AMALIA OF SOLMS 


Picocre 7. Wife of Frederick Henry of Orange and grandmother of William Ili ot 
Great Britain. She is twice an ancestor of the Prince. In the past there has been a tendency 
to overlook the fact that we have as many female ancestors as male, and that they play as 
important a part in determining our hereditary make-up as their husbands. The Prince 1s 
fortunate in having a number ot distinguished women as his ancestors—oft whom the most 
remarkable were Amalia of Solms, Amalia Flizabeth of Hesse-Cassel, “whose court was a 
school at which German princes learned to sovern,’ and Louise Dorothea of Saxe-Meiningen, 
“The German Minerva.” 
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THE CASTLE OF BRANSFELS 


FIGURE 8, 


The ancestral! home of the Solms, a family occupying an important strategic 


position in the checkerboard of European politics, so that its members played no small part 
in the drama of alliance and counter-alliance, by treaty or marriage, which made up European 


history during the Middle Ages as it does today. 


Some of the families that took a leading 


part then are extinct now, and others have fallen from their high estate, but the family of 
Solms still lives in the Castle of Bransfels, and is still privileged to marry into the German 


roval family. 


was remarkable for having built an 
observatory with private money 
and having ordered that it should be 


endowed, after his death, with the 
money usually allotted to building use- 
less statues. 

Another ancestor in this family was 
Louise Dorothea, of Saxe-Meiningen, 
“The German Minerva,’ who cor- 
responded for some years with Vol- 
taire. Several of the French phil- 


osopher’s books would not have been 
written if she had not given him kind 
and wise encouragement. 

Not only was the House of Saxe-Co- 
burg intellectual and moral, but for a 
number of generations there is no 
record of any neurotic or mad person, 
and vet this is one of the most inbred 
families in Europe. Here there has 
been an inbreeding of superior quali- 
tes. 

The Prince, through mother, 
Mary of Teck, owes much to the blood 


of the House of Hesse-Cassel. This 
family, though not brilliant, had a 
number of members who were cultured 
and capable and who devoted them- 
selves to peace abroad and _ prosperity, 
arts, and science at home. Not least 
anong them was Amalia Elizabeth, 
wife of William the Constant, who, be- 
sides having twelve children, command- 
ed her troops like a great captain and 
whose court was “fa school where Ger- 
man princes came to learn to govern.” 


this line was also William the 
Fourth ot Hesse-Cassel, called ‘‘Le 
Sage,” who was curiously like [Ernest 


Il of Saxe-Coburg-Altenburg, for he 
also was deeply interested in mathe- 
matics and astronomy and built an 
observatory at Cassel. There he worked 
for seventeen vears with the scientists, 
Rothman and Buergi, publishing sev- 
eral volumes on astronomy. These two 
ancestors were separated by two cen- 
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Danniey of Hesse- The Magnanimous ALBERT of MEISSEN-FR/ESLAWD 


Mary, Queen Joacuirtl] of BRANDENBVRE Gustavus VASA of Sweeper Mary of Guise James V 
of Scots ———- of Scotland 
James I of -- WILLIAM of Jusicn-CLe eve IK ef Sweeven Mary, Queen 


Great Britain Scots 


Elizabeth of Frepericn I of Dewmann WiLLIAM THE SENT Epnesres James I of 


England ourse of Coueny Great Britain 
Sophia of Hanover 
Ernest Augustus WHLIAM THE CONTAIN “a Prince of orange of Engl and 
Elector of Hanover 
and Duke of Brunswick i 
Cuartorre Hanover (The Phi losophicar~ ~~ 
George I FREDERICK I, Kine of Prussia Queen) Sophia of Hanover 


Louise Dorornea of 


George II CHARLES Hesse-Casseh FREDERICK of Prvssy George I 
Frederick Lewis Leopoip vow (Minister of War for Prussia George II 
Prince ofWales 


@e 


of Hesse -Cassel ~~~ 
George III FREDERICK Frederick Lewis 


Prince of Wales 


Edward Duke «Vic Mary “aa George III 
of Kent of Sax-Cosurc 
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The Prince of Wales 
A “CONE” OF DISTINGUISHED ANCESTORS 


Figure 9. This cone shows on the left the ancestry by which the Prince inherits the 
English throne—the line of descent with which all students of English history are familiar. 
One line from the Queen’s ancestry is shown on the right, which also leads through George 
III. In twelve generations this line takes us beyond Mary Queen of Scots to her French 
mother, Mary of Guise. In the middle are the names of a few of the ancestors of the Prince 
who lived in various parts of Europe, some of whom were distinguished for their ability 
as well as for their position. In the twelfth generation the ancestors of the Prince were 
scattered about nearly all of Northern Europe, but not one lived in England! 


4 
é J 


es V 
otland 


ueen 


yf 


er 


the 
liar. 
ree 
nch 
ince 
ility 
vere 


Merritt-Hawkes: Ancestry of Prince of Wales 


285 


THE CASTLE OF MARBURG 


The ancestral home of the Hesse-Cassels, one of the families that contributed 


FIGURE 10, 
iInost to the ancestry of the Prince. 


Parts of the castle date from 1277 and it has been used 


as the residence of the landgraves of Hesse, as a fortress, as a prison, and it now houses a 


library and valuable archives. 


Here Luther and his opponents met to discuss some of the 


religious differences of opinion that split the newly tormed Protestant states of Germany. 
At Marburg, Philip the Magnanimous founded the first university without Papal privileges, 
in 1229, which speedily gained a remarkable reputation throughout all of Protestant Europe. 


turies, William the fourth, dying in 
1592, and Ernest I] in 1804. 
I'rederick William, the Great Elector 
of Brandenburg (d. 1688), appears 
three times in this ancestry. He was 
one of the greatest men of his time, 
not only in Prussia but in all Europe. 
The ancestry of the Prince includes 
a few of the greatest names in Euro- 
pean history, but, as must be the case 
in the ancestry of most human beings, 
the vast majority of his ancestors were 
persons of average ability. He is, how- 
ever, very fortunate in having tew 
direct ancestors of unstable mentality. 
The Prince has narrowly, and luckily, 
missed a bad ancestry in several cases. 
Gustavus Vasa had nine children, at 
least five of whom were abnormal, but 
the Prince, although four of the chil- 
dren of this family were his ancestors, 
had the good luck to have three oft 
these four normal. Again, he 1s happy 
in being descended from the Duke of 
Kent, the normal son of George II] 


instead of trom the objectionable sons, 
William IV and George IV. 

Practically all the Prince’s ancestors 
were people who had acquired position, 
money or land, whether by outstanding 
abilitv or other causes must be left to 
the historian to decide. The law of 
primogeniture played an enormous part 
in allowing land, money and_ position 
to be retained bv people of average 
abilitv, average acquisitiveness and 
average bellicosity. 

The three greatest and best known 
characters in the ancestry of the Prince 
are William the Silent, “the Hlustrious 
founder of the Dutch Republic’; Ad- 
miral Coligny, “the Great Coligny,” 
and Gustavus Vasa who freed Sweden 
from the Danes. William and Coligny 
became ancestors through the Queen 
and not through the King. It is inter- 
esting to note that Gustavus was de- 
scended from a Swedish burgher fam- 
ily, the ancestors of William the Silent 
were rulers of a small state in Holland, 
and Coligny was merely a gentleman. 
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A SEVEN-GENERATION 
FAMILY “BUSH” 


Figure 11. The use of “WY 
the word “tree” in speaking 
of our ancestry hardly rep- 
resents the facts, as a complete genealogy is 
much more like a spreading bush. The “trunk” 
emphasized by genealogists and historians, 
through which the Prince inherits the throne, 
is shown by the heavy line on the left, passing through Edward 
VII and Victoria. Socially, this is the most important branch of 
the Prince’s ancestry, but biologically he is just as likely to inherit 
his physical and mental characteristics through any of the other 
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branches. The inbreeding in 

the Prince’s ancestry (for the 

generations shown) is due to 

the appearance two or more 

times of five groups of indi- 

viduals, who are indicated by 

the numbered brackets at the top of the page. 

Some of these cones of duplicated ancestors begin 

in different generations, as in the case of George 

III, who appears in the third generation of the 

Queen’s ancestry and in the fourth generation of the King’s. It is 

possible that extensive research in small German towns might 

give a few of the ancestors of Claudine, Countess of Rhedecy, 

whose father is said to have been a successful minister of state. 

The names of individuals appearing more than once are om 
capitals. 
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PRINCE ALBERT 


Figure 12. The husband of Queen Victoria came trom one of the most highly inbred 
families of Europe, which was distinguished for high iitellectual, moral, and physical qualities. 
This serves to emphasize the fact that inbreeding may ‘not be injurious, unless it brings to 
light latent defects in the germ plasm that would not otherwise appear. If the stock is good 
enough to stand the test without showing deterioration, inbreeding may be the means 
of producing supertor individuals. 
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William the Silent, one of the most 
conspicuous of European characters, 
appears three times in the ancestry, 
twice in the eleventh generation with 
his wife, Charlotte of Bourbon, and a 
third time in the tenth generation 
with his wife, Louise of Coligny. Wil- 
liam the Silent had four wives and 
thirteen children, so that he made his- 


tory not only directly in his own life-, 


time, but indirectly through his chil- 
dren. They all married into important 


families and through them his_ blood. 


passed into a number of the royal fam- 
ilies of Europe. His genius was due 
to a rare combination of fine character- 
istics which produced a man who was 
needed at that time and in that place. 
He had a number of remarkable de- 
scendants, the most famous being | red- 
erick the Great. 


Political Alliances and Ancestry 


The ancestry of a royal family must 
be looked upon, not as the result of 
human emotional relationships, but as 
a series of political and financial al- 
lances, in which each family, by means 
of its sons and daughters, sought in- 
crease in land, help in war, alliances 
to gain a little peace or mutual aid in 
religious struggles. This complete or 
partial subordination of the individual 
to the group occurs in all countries, in 
all times and in all classes. 

Thus, the French blood in the Eng- 
lish house is due to the spread of 
Protestantism in France, William the 
Silent having married his two rench 
wives in an effort to consolidate the 
Protestants in their fight against the 
Roman Catholics. For the same _ rea- 
son, William of Cleeves married the 
Protestant, Jeanne d’Albert, 
but his Reman Catholic conqueror, 
Charles V, insisted upon her repudia- 
tion and her replacement by a guaran- 
teed Roman Catholic. 

The small Rhenish provinces and 
their Princes gradually acquired great 
importance because they belonged to a 
borderland country of political un- 
certainty. Hence the children of these 


This is the reason why the Houses of 
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families were used as pawns in a great 
game of treaties and counter-treaties. 
Erpach and Anhalt appear so often, 
thus Joachim Ernest of the New 
House of Anhalt is seven times an an- 
cester. 

Another family of stragetical im- 
portance is that of Julich, Cleeve, Berg 
and Julich. This is one of the fam- 
ilies which played a big part in the 
Reformation and in the ancestry of the 
Prince. It was Anne, the plain sister 
of William IIL of Cleeves who was 
married to Henry VIII, the recent con- 
vert to Protestantism. 


Yet another ancester who plaved a 
large part the solidification of 
Protestantism was Philip of Hesse, 
the Magnanimous. He appears six 
times in the ancestry. Philip was a 
man of considerable ability and_ re- 
markable breadth of view, and so en- 
thusiastic for the reformed religion 
that he suffered imprisonment. But 
Protestantism did not reform his_ per- 
sonal habits and he has left a matri- 
monial record which is reminiscent of 
that of Henry VIII. Whilst this an- 
cestor was suffering for his faith and 
was much looked up to by the Protest- 
ants, another ancestor, Maurice of 
Saxony was doing his best to keep 
Philip in prison and acquired the un- 
desirable names of “The Great Judas” 
and “The Church Robber.” Thus is 
our ancestry mixed. 

In studying the ancestry of the 
Prince, nothing 1s more impressive than 
the change in importance of the royal 
and aristocratic houses of Europe. 
our houses which played an important 
part were Barby, Solms, Erpach and 
Anhalt. 

During the sixteenth and early seven- 
teenth centuries, the Counts of Barby 
were sufficiently important to marry 
their children far and wide in Europe, 
but the family became extinct in 1659. 
One member of this family, Mary of 
Barby (d. 1688), was one of the few 
women who survived her first husband. 
She lived to marry a second time, the 
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husband being George of Erpach, and 
she his fourth wife. By her two hus- 
bands she had six children, who all ap- 
pear in this ancestry. No other wo- 
man has occurred as often as six times. 

The family of Anhalt is one of the 
oldest in Europe and according to tra- 
dition, the Prince can, through his 
numerous Anhalt ancestors trace his 
descent back to Japhet and Noah. 

The house of Solms still exists, still 
lives in the Castle of Bransfelds and 
still retains the privilege of being good 
enough to mate with the German Royal 
Family. This family has had a num- 
ber of capable diplomats, but its most 
brilliant member was .Amalia of Solms, 
who married Frederick Henry of 
Orange, the very capable son of W1il- 
liam the Silent. She had considerable 


influence in the bringing up of her 
grandson, William III of England. 

The house of Erpach can carry the 
ancestry back to Emma, the daughter 
of Charlmagne. 

We are all inbred, but the Prince of 
Wales is probably considerably more 
inbred than the commoner. Contrary 
to popular notions this is not neces- 
sarily a seriously bad state of affairs, 
for whilst inbreeding between cousins 
who have lunatic or feeble-minded an- 
cestors 1s dangerous, the marriage of 
cousins with an averagely good quality 
of ancestors has no danger, and may, 
as in the case of the Houses of Hesse- 
Cassel and Coburg, be the means of 
producing a superior group of individ- 
uals. 


A Laboratory Manual of Botany 


LABORATORY AND FIELD WorRK IN 
GENERAL Botany, by E. N. TRANSEAU 
AND H. C. Sampson, Professors ot 
Botany in the Ohio State University. 
Price $1.20. The World Book Com- 
pany, New York, 1924. 


The Laboratory and Field Work in 
General Botany has been prepared to 
accompany Transeau’s General Botany. 
The arrangement of the material 1s 
such, however, that the outlines may be 
used either with or without the text. 
The forty-three exercises. include sev- 
eral field trips and are so arranged 
that the major part of the student’s 
time is devoted to making observations 


and answering questions rather than 
to making drawings. The loose- 
leaf nature of the outlines makes it 
possible to expand some of the exer- 
cises and to omit others according to 
the material available.  Vhe experi- 
ments lead the student gradually from 
the simple principles to the solution 
of the more complex conditions and 
their application to practical problems. 
The appendix contains a list of the 
necessary reagents, a useful weekly 
program of the course, a leaf key to 
the genera of trees of the [astern 
United States, and a list of reference 


hooks. H.C. M. 
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METHODS SEED CORN PRODUCTION 


BEING REVISED 


D. F. Jones 


Connecticut Agricultural Experiment Station, New Haven 


“CROSSED CORN” SHOWING UNIFORMITY AND VIGOR 
Figure 13. This corn is from seed produced by crossing two strains of the Leaming 
variety that had been isolated by several generations of inbreeding. The first generation 
plants from certain crosses between such strains are remarkably fine and yield very heavily, 


but not all crosses produce equally good results. 


The method otf selection in self fertilized 


lines is being applied wherever corn is extensively grown, and is revolutionizing methods of 


seed corn production. 


EVER before has the formula 
“breed from the best to get the 
best” been found to be more 
inadequate than in the production ot 
seed corn. For many vears the selec- 


291 


tion of seed ears of approved type 
has been preached and extolled by 
every available means. Seed corn 
trains were run through the principal 
corn growing states demonstrating the 
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ABNORMAL TYPES FOUND IN INBRED CORN 


Figure 14. Narrow-leaved plants (right) and dwarfs (left) are among the abnormalities 
cominonly found when corn is self-fertilized. Some of these are fertile and can be perpetu- 
ated, and others are too weak to produce seed. The supposed injurious effects of inbreeding 
are due to bringing to light these recessive detects, which would otherwise be carried along 
indefinitely. Thus inbreeding makes it possible to eliminate defective germ plasm that could 
not be excluded by any other method of. breeding. 
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INBREEDING AND HYBRID VIGOR 


Ears from two inbred strains on left, and adjoining them the ears produced 
in the first generation by crossing these; followed by the product of four generations again 


FIGURE 15. 


selt-fertilized. 


All seven generations were grown in adjoining rows having the same number 
of plants in each, so that the results are not due to seasonal variations. The old 


method 


of selecting fine-looking ears for seed without regard to their genetic constitution is now 


recognized to be unsatisfactory. 
nubbins—the right kind of nubbins! 


importance of planting seed from the 
ears selected by purely arbitrary stand- 
ards. The prize winning specimens 
at the corn shows are. still pictured 
by every farm paper. Mammoth ears 
of model proportion and perfect detail 
are constructed the size of a Cardiff 
(nant and exhibited at the grain shows. 
All the psychological principles of mod- 
ern advertising have been used to carry 
the messave of seed corn selection. 

The theory, and theory without 
foundation in fact it 1s, that appear- 
ances are a trustworthy guide to seed 
selection does not stand the test of 
experimental proof. Handsome speci- 
mens of the most approved type have 
failed to vield consistently more than 
‘ars. much inferior appearance, 
whose photographs are seldom taken. 
Instead of like producing like in corn, 
we now know that the finest ears ob- 
tainable from the corn now generally 
erown will always produce many nub- 
bins, even with the best of soil and 
culture, while, paradoxical as it may 
seem, the finest corn can be grown 
from nubbins—the right kind of nub- 
bins. 


Inbreeding and Crossing 


The reasons for this can readily be 
appreciated when the effects of in- 
breeding and crossing upon corn are 
understood. When normally vigorous 


The largest crops can be produced, as in this case, from 


corn plants are self-fertilized there is 
a marked reduction in size. The rate 
ot growth is very much lessened, and 
the smaller, long-inbred plants flower 
and mature later than the plants which 
have not been inbred. The reduction 
In size is rapid in the early generations 
of inbreeding, but after four or five 
successive self-fertilizations the strain 
becomes fixed in size and in type, and 
from then on the changes are compara- 
tively small. 

Corn is naturally cross-pollinated. As 
the result of the mixing of different 
varieties that normally occurs, it is 
highly variable. In every field plants 
are seen which differ markedly in such 
conspicuous characters as height of 
plant, position of the ears on the stalks, 
color of silks, glumes and anthers, and 
number of rows on the ear. When a 
single self-fertilized plant is used as 
the progenitor of each inbred genera- 
tion the first generations are highly 
variable. When inbreeding is continued 
until reduction in size comes to an end, 
the variability likewise decreases unt!] 
uniformity is also attained. This fixity 
of type. when once obtained, remains 
as long as the plants are not out- 
crossed, whether they are self-ferti- 
lized or crossed among themselves. A 
naturally cross-fertilized species has 
been changed to an artificially selt- 
fertilized one. 
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PLANTS FROM AN INBRED STRAIN 


FIGURE 17. 


This shows the uniformity in type produced by inbreeding. 


Such plants are 


generally not very productive, although different strains exhibit great diversity in productive- 


ness, as in other characters. 


A great number of inbred strains can be isolated from the same 


variety, each of which may differ widely from all others, if in each case a different complex 


ot characters happens to become fixed. 


Uniformity in height similarity 
in structural details of all parts of the 
plants are the outstanding features of 
strains of corn after a few generations 
of inbreeding. Although the plants 
are brought to less than half the size 
and vigor of the plants at the start 
and the production of grain is seldom 
more than one-third of the original 
vield, the inbred plants are potentially 
very valuable, but they would be 
scorned by any corn grower who did 
not know their inherent possibilities. 
\When one sees the apparently disas- 
trous effects that inbreeding has upon 
most cross-fertilized plants prac- 
tically ali domesticated animals, it 1s 
‘asy to understand the deep-rooted 
prejudice against inbreeding long since 
formulated into laws against the mar- 
riage of near kin. Animal breeders 
still fear the effects of too much con- 
sanguinity in their herds. It 1s another 


case where the farmer, busy with 


wresting a living from the soil, has 
had no time to learn the real signifi- 
cance of the effects of inbreeding or 
to understand their cause. When re- 
duced size and- vigor resulted from 
consanguineous mating he would have 
no more of it, and for that reason a 
very important means of plant and ani- 
mal improvement has gone unused. 


“Crossed Corn” Very Productive 


When inbred strains 
produce nothing but 
crossed a most salutary rejuvenation at 
once takes place. The generation fol- 
lowing the cross 1s as vigoreus as the 
original variety and certain desirable 
combinations are exceptionally — fine. 
Irom the practical standpoint the most 
important feature of crosses between 
fixed strains is their uniform produc- 
tiveness. Given an equal chance to 
erow, each plant is like every other. 
Barring accident, every plant has a 


of corn, which 
nubbins. are 
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A GOOD EAR ON EVERY PLANT 


FiGuRE 18. “Crossed corn” has a good ear on every plant—there are no sterile plants 
and no nubbins—which counts heavily in obtaining maximum productivity. 
field of open-pollinated corn only a few strikingly abnormal plants may be found, but many 
plants will produce inferior ears, even though only perfect ears have been used for seed. 


good ear. There are no barren plants, 
no nubbins. It is this feature which 
counts most heavily in maximum _ pro- 
duction. 

These high yielding hybrids will not 
maintain their uniformity and maxi- 
mum production in later generations. 
\Whether the plants self-fertilized 
or inter-pollinated they will vary great- 
ly in the second generation and fall off 
in productiveness fifteen to 
twenty per cent. When a cross of 
two inbred strains is again self-ferti- 
lized for several generations the re- 
duction in growth repeats the course 
of events that took place when the 
parental strains were first inbred. The 
generations following the first hybrid 
generation are highly variable and 
then aiter four or five self-fertiliza- 
tions the plants become more = and 
more alike, in height, in form of tas- 
sel, in position of ear and in char- 
acter of the foliage. The decrease in 
size becomes less and less until finally 
there is no further change, each gen- 
eration is like the preceding. A new 
strain has become fixed. Excepting 1r- 
regularities in the hereditary mechan- 


In the average 


ism this type will remain the same in- 
definitely—as long as out-crossing with 
other varieties is prevented. The plants 
after the second period of inbreeding 
reach about the same level of vigor 
as the parent strains, but differ from 
them in practically every detail, due to 
recombination. 

The number of generations of self- 
fertilization necessary to obtain uni- 
formity and constancy varies with dit- 
ferent strains, depending upon the 
eerminal constitution of the individ- 
ual plants used as progenitors for the 
succeeding generations. Absolute fix- 
ity of type is sometimes not reached 
until after many generations of self- 
fertilization, and may possibly never 
be obtained in some lines. But = for 
practical purposes uniformity and sta- 
bility sufficient to produce very desir- 
able hybrid combinations are brought 
about after four or five vears. 


Desirable Combinations Must be 
Selected 


Only a few among many combina- 
tions of inbred strains will make any 
radical improvement over the original 


i 
‘ } 
ont | 
¢ 


SELF POLLINATING AN EAR OF CORN 


Figure 19. The ear shoot and the tassel are both bagged before the silks appear, in the 
one case as a protection against foreign pollen and in the other to save the pollen when it 1s 
shed. When the silks are well out, the pollen from the same plant is applied to them, as 
shown here. 
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variety. Inbreeding has its principal 
value in giving an opportunity to se- 
lect for good heredity. Good. strains, 
when once produced, can be maintained 
indefinitely and always give the same 
result when any particular combination 
is made. As a_ possible means of 
finding and holding the best that there 
is in the varieties of corn now being 
erown, the method of selection in self- 
fertilized lines is being applied in every 
state throughout the main corn growing 


regions and in many foreign countries 
where corn is an important crop. Out 
of this extensive application of the 
hereditary principles underlying the in- 
breeding problem will come new meth- 
ods of producing seed corn which will 
utilize to the fullest extent the value of 
inbreeding in selecting for good hered- 
itv and fixing desirable types. Then 
by crossing maximum vigor will be 
secured. 


A Bibliography of Eugenics 


or EvUGENIcs, by 
SAMUEL J. Professor of 
Zoology in the University of Cali- 
fornia. Pp. 514, price $5.00. 
versity of Calif. Publications in Zool- 
ogy, Vol. 25, Berkeley, Calif., 1924. 


In gathering material for his book, 
The Trend of the Race, Dr. Holmes 
accumulated so much bibliographical 
data that he determined to go a little 
farther and undertake the thankless 
hut invaluable task of providing a_bib- 
liography for this young science. The 
result has put all eugenists in his debt. 
Endeavoring to weed out all references 


to articles that are of no value, Dr. 
Holmes has classified and occasionally 
analyzed the articles that are worth 
consideration, so that the student of al- 
most any special problem in the field 
can turn at once to a list of citations 
that will furnish the information he 
needs. The volume is handsomely 
printed; its size (the volume contains 
nearly ten thousand references) will 
impress many who do not realize what 
a large body of valuable literature 
eugenics has brought into being during 
the few decades of its existence. 


Principles of Eugenics 


RASSENHYGIENE UND  VERERBUNGS- 
LEHRE, by W. H. Siemens, Assistant 
at the Dermatological Policlinic, Mu- 
nich. Pp. 102, with 13 illus., price 
45c. 2d ed., J. Fk. Lehmanns Verlag, 
Munich, 1923. 


Into a hundred pages Dr. Siemens 
has managed to pack a comprehensive 
and well-balanced account of the fun- 
damentals of eugenics. His success 1s 
proved by the popularity of the book in 
Germany, and by the fact that it has 
already been translated into the Swed- 
ish language. 

While the book is destined for “‘edu- 
cated persons in all walks of life,” the 


discussion of heredity appears to me to 
be more technical, both in scope and in 
language, than a similar audience of 
Americans would easily comprehend. 

In his sensible discussion of eugenics 
the author rightly lays stress on the fact 
that the low birth rate among educated 
classes—so far as it is due to economic 
causes—is not based on the absolute 
cost of rearing children, but upon the 
expense of keeping up the same amount 
of style that is maintained by people 
with no or few children in the same 
stratum of society. This is a funda- 
mental point of attack. 

A brief bibliography and a vocabu- 
lary complete the work. 
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Hl question of whether inbreed- 
ing grain sorghum results in a 
reduction in vigor and a decrease 
in yield similar to that which occurs 
when maize is inbred is one of consid- 
erable importance. Especially is_ this 
so since sorghum normally shows about 
six per cent of cross-fertilization and, 
therefore, it would be necessary to 
resort to bagging or other means of 
self-fertilizing individual families, 1f 
one expects to establish and maintain 
homozygous strains. 

The available data dealing with the 
effects of inbreeding grain sorghum 
are very meagre; they relate principally 
to observations or the results of in- 
breeding for short periods of time only. 
It seems to be the general opinion that 
inbreeding in grain sorghum does not 
cause a reduction in the vield of grain 
or in the general vigor of the plant. 

It has been noted that heterosis 
exists in a marked degree when differ- 
ent classes* of grain sorghum consti- 
tute the parentage, but that where 
crosses are made between different 
strains within the variety or between 
varieties within a class, heterosis 1s not 
shown in the progeny.’ If the growth 
factors of the different strains or sub- 
varieties of kafir are nearly identical, 
as is indicated by the lack of hybrid 
vigor in such crosses, then the isolation 
of types by inbreeding should not 
result in loss of vigor in the plant. 

In connection with inheritance studies 
in grain sorghum conducted by the 
writers at the Texas Experiment Sta- 
tion Substation No. 8, Lubbock, Texas, 
a number of strains of Blackhull kafir 
have been isolated from a Standard 
Blackhull kafir, of which 652. heads 


INBREEDING GRAIN SORGHUM 


A. B. CoNNER AND R. E. KARPER 


Texas Agricultural Experiment Station, College Station, Texas 


were taken, and involving in the course 
of several generations the bagging of 
more than 6,000 heads. The resulting 
isolated strains have been obtained by 
inbreeding certain strains for single 
characters for six and seven generations 
by bagging the heads before even a pin- 
hole opening had appeared in_ the 
“boot,” or upper leaf sheath inclosing 
the young head. In connection with 
these inbred lines that have resulted 
from six or seven generations of self- 
pollination, it would appear that they 
show some very obvious results per- 
taining to the question of inbreeding. 

The accompanying illustrations repre- 
sent accurately the head characteristics 
of four different lines established, and 
with the exception of Line 654 these 
pictures show ten consecutive heads 
from the breeding plat in each case, 
although these heads have been rear- 
ranged before being photographed. 
Since Line 654 is a widely variable 
line with respect to number of seed 
branches and perhaps other characters, 
heads were selected with the view ot 
showing the extreme variants and the 
range of variabilitv. The four families 
as shown in the photographs represent 
fairly the head characteristics of these 
different lines or families. 

lt is obvious that the four different 
families represented here are very 
different from one another in head 
characteristics. The inbreeding of Line 
654, selected for few seed branches 
for seven generations, has apparently 
been very disastrous, whereas Line 153, 
inbred for six generations for few 
nodes in the head, and Line 223, inbred 
for many seed branches for seven gen- 
erations, appear to be lines that have 


*The term class as used here refers to the kafirs, the milos or the feter‘tas. For photo- 
graphs of these and hybrids between them see Journal of Heredity tor December, 1921. 


'The Inheritance of Seed Coat Color in 


Certain Crosses in Grain Sorghum. 


A. B. 


ConNER AND R. E. Karper, Journal of the American Society of Agronomy, Vol. 15, No. 8. 
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lost nothing in vigor or production be- 
cause of inbreeding. Moreover, actual 
vield data show that these two lines 
possess qualities for high production, 
and as for Line 192, inbred for short 
rachis for seven generations, one can 
readily see that it possesses head char- 
acteristics indicating unusual vigor. This 
line is, in fact, a coarse-growing strain, 
as is indicated by the heads, and it is 
rather late in maturing. 

Statistical measurements obtained on 
these and other lines of kafir show a 
marked reduction in the variability at 
the end of the second generation of in- 
breeding, and indicate rapid approach 
to a homozygous condition of the plant 
for certain characters. 

rom these experiments it seems 
that one may draw the following defi- 
nite conclusions with respect to the 
effect of inbreeding in kafir: 


(1) That inbreeding fixes indi- 
vidualitvy by the isolation of 
homozygous forms. 

(2) That the results of inbreed- 
ing may be good or bad, de- 
pending upon the hereditary 


characteristics of homozygous 
forms. 

(3) That inbreeding has _ not 
caused a reduction or increase 
in the size of the head or in 
productiveness, except inso- 
far as it has isolated sub- 
varieties differing from the 
parent family. 


In other words, it seems that the 
results of inbreeding grain sorghum 
differ from the results secured in in- 
breeding maize only smaller 
amount of heterozygosity existing in 
the parent stock. This is due to the 
fact that sorghum is normally what 
might be termed a cluse-fertilized plant, 
the flowers being protogynous, with 
crossing confined largely to flowers on 
the same head, whereas corn 1s nor- 
mally cross-fertilized. 

The fact that inbreeding kafir does 
not cause a_ reduction vigor or 
productivity gives the breeder of grain 
sorghum an unusual opportunity — to 
establish and distribute highly produc- 
tive strains. 


“Type and Variability in Kafir. Bulletin No. 279, Texas Agricultural Experiment Station. 


A New Publication on Breeding 


The first issue of the Zeitschrift f. 
Tiersuechtung und Zuechtungsbiologie 
has been issued by the Verlagsbuch- 
handlung Paul Parey, Berlin SW. 11, 
Germany. It bears the date of March, 
1924, and will henceforth be issued at 
more or less regular intervals, three 
issues making a volume. ‘The founder 
of the new journal is C. Kronacher of 
Hannover, who acts as editor in chief; 
the managing editor is H. Butz of the 


same city. An editorial board com- 
prising leaders in animal genetics in 
German-speaking countries will assist 
in the publication. The leading article 
in the first issue is “New observations 
on hair and wool,” by Dr. Kronacher. 
Half a dozen other original articles, 
mostly concerned with genetics, and re- 
views of recent contributions from 
Germany and other countries, make up 
the bulk of the magazine. 
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FOUR GENERATIONS 
CHOREA 


C. K. CLARKE AND JoHN W. MACARTHUR 


Department of Biology, 


UNTINGTON’S chorea is one 
of the most to-be-dreaded and 
at the same time one of the most 
clearly inheritable of the brain diseases. 
It is characterized by persistent, inco- 
herent, wholly involuntary, tremors or 
twitchings of the muscles of the head, 
limbs or body, these disorderly ‘‘jerk- 
ing’ movements typically beginning 
only at or after middle life and then 
becoming progressively worse as_ fur- 
ther svmptoms—loss of emotional con- 
trol, rapid mental deterioration, suicidal 
tendencies and dementia—set in. Year 
by vear the loss of motor and mental 
control progresses without the least 
hope tor any effective treatment, until, 
In most cases, violent maniac choreic 
insanity develops and = death ensues 
finally from muscular ‘‘exhaustion.” 
The manitestations of the disorder 
vary considerably different  fami- 
lies'* In some, the onset is in earlier 
life, in some the symptoms are. sta- 
tionary rather than definitely progres- 
sive, in others the tremors may occur 
without insanity, or the insanity with- 
out obvious motor symptoms. In_ the 
V———— family here reported some 
variability was noted in age of onset 
and in degree of muscular and mental 
involvement, but on the whole the cases 
showed the typical classical group of 
symptoms. The family was otherwise 
one of average normal ability and ap- 
parently has not suffered from any 
other associated marked mental or phy- 
sical weaknesses. 


History of the V 


Particular attention was first. at- 
tracted to the family by individual, ITT, 


Family 


University of Toronto 


31 (See hand in chart, Figure 22) who 
in a period of violent choreic insanity 
killed his own infant child and was then 
placed in the penitentiary of an asylum. 
It developed that he had three brothers 
and two sisters also choreic. From them 
the trait was traced back through two 

‘arlier generations to their father and 
their grandfather, with whom the back- 
ward trail ends in this study. It was 
also traced torward to the fourth gen- 
eration through a sister's children. The 
disease was soon discovered to be wide- 
ly prevalent throughout the whole 
branch of the family. 

The details of the case histories and 
of the family history were collected by 
Dr. C. K. Clarke,7 late psychiatrist of 
the University and Medical Director of 
the Canadian National Committee for 
Mental Hygiene, from institution rec- 
ords, from the patients themselves and 
from visits and extensive correspond- 
ence with several interested relatives 
and family physicians. 

The earliest choreic member of the 
family, Samuel V . I, 1, from 
whom all the cases have descended in 
an unbroken line, was apparently an 
english immigrant into Canada rather 
‘arly in the Nineteenth Century. With 
him came at least one normal brother, 
none of whose descendants have shown 
any trace of the disease. Between the 
two branches of the family one, possi- 
bly two, cases of cousin intermarriage 
have occurred. 

Geographically, the choreic branch of 
the family has remained concentrated 
near the site of the original settlement 
in Southern QOntario, but this 
focus the blood trait has scattered, me- 


*For numbered references. see Literature Cited at end of article. 


+Deceased before this paper was written. 


Hence the data he had so long been collecting 


and for which he was mainly responsible has been used chiefly in its genetic relations with the 
approval of his son, Dr. Eric Clarke, according to the plan previously agreed upon for joint 


authorship. 


Especial thanks are extended to Dr. B. A. 


Bensley, whose interest and efforts 


made possible this co-operation between psychiatry and genetics. 
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tathesized, as it were, to set up new 
local centers of growth, east to the 
Maritime provinces, west to Manitoba 
and south into Michigan, [llinois, lowa 
and Missouri. 


Main Features of Genetic Interest in 
the Family 


The 101 individuals of the four gen- 
erations of the family included in this 
study, and classified in Table I, are 
recorded in the pedigree (See Figure 
22 Eighteen of these entered the 
family by marriage; after careful in- 
vestigation they were all reported men- 
tally sound, not choreic or even neu- 
rotic. Of the eighty-three in the direct 
lineage thirty-seven are choreic or were 
choreic at the time of death. Eleven 
of these thirty-seven have passed long 
periods of detention in asylums; others 
have been admitted temporarily. The 
remaining forty-six direct descendants 
include all doubtful cases not definitely 
known to be choreic: three who died in 
infancy, a group of four young chil- 
dren, and several others, persons in 
‘arly or middle life from generation IV 
and a younger part of generation iII, 
many of whom are almost certainly 
foredoomed to become choreic. In this 
group are listed also, of course, the 
thirteen normals with both parents nor- 
mal. I*very effort was made to include 
all normal individuals families 
wherever found in all generations. The 
data are entirely unselected and_ the 
family history is probably complete for 
generations I to III; for generation IV 
it is certainly incomplete, for it would 
hardly contribute to the study at pres- 
ent to trace and add other young fami- 
lies in whom chorea would not be ex- 
pected to develop for years to come. 

There is apparently no correlation 
between order of birth and chorea. 
In the first born, at the left in each 
family of the chart, on to the young- 
est member, the disease is hable to ap- 
dear impartially once the necessary age 
is reached. 

The disease is in no wise restricted 
to either sex, for both sexes were 
stricken to about the same degree. Of 
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-SEVEN CASES OF HUNTINGTON’S CHOREA IN THE V 


PEDIGREE OF THIRTY 
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0. was “very nervous’—possibly incipient] 
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who murdered his own infant 


insane in asylums number eleven in all: 


In each family t 


cousins occurred twice 


child and initiated 


in generation II, individual 11; in generation 


31) 


(IIT, 


s individual 


II, 


(horeic 


the investigation of this pedigree. 


III, individuals 2, 5, 24, 


q 
th 
in 
ni 
| 7 tw 
| th 
Te 
ch 
© 
| th 
| 
sc 
T] 
| 
Ww 
11) 
a g 
| 2 
‘ 
© 
tl 
+ 
‘at 
° | tl 
= 
W 
7 
| it 
| | 
| | yar O 
= 
a 
© o 
| 
On 
| 
] 
| 
1 
UO 
| 


Clarke and MacArthur: Hereditary Chorea 


the seventy-six adults of known sex 
in the direct lineage, thirty-nine were 
males: seventeen choreic and twenty- 
two not known to be choreic. Of the 
thirty-seven females, twenty were cho- 
reic and seventeen not known to be 
choreic. It might be noted, too, that 
the affection was transmitted to de- 
scendants by both sexes equally. 


The Mendelian Nature of Huntington’s 
Chorea 


In no case did a normal man or 
woman from the choreic line, marry- 
ing a normal outsider, have any but 
normal children. The normal children 
of a choreie parent behaved as “pure 
extracted recessives’ without taint of 
the disease in their germ plasm. As 
Dr. Huntington stated in his original 
description in 1872, those exempt from 
the disease cannot transmit it. None 
were affected who had not an affected 
parent. 

As previously mentioned, all ot the 
choreics who married, married with 
normals. Through such marriages the 
chorea was passed on by “direct inher- 
itance’” without skipping any genera- 
tion. In this family no choreic parent 
of a family grown to full maturity has 
failed to transmit the chorea to at least 
some of his ot her children---never to 
all of them. In general, two-thirds 
at least of the children of a choreic 
x normal marriage have been choreic. 

()f course the maximum incidence ot 
the malady in a family is not attained 
until the voungest children reach the 
fifties. In generations Il and II] the 
family history is nearly complete tor 
normals and for choreics, since most 
members are sufficiently aged to man- 


ifest choreic symptoms they are 
to appear. In generation II the ratio 
is nine choreics to two normals, 1n 


generation twenty-five choreics to 
fifteen normals, a total of thirty-four 
choreics to seventeen normals. 
ting the two youngest families of gen- 
eration III, not yet entirely past the 
critical dangerous period, the ratio for 
the two generations is thirty-three cho- 
reic to twelve normals. The ratio 1s 


obviously nearest to a 3:1. Even al- 
lowing for the limited numbers it 
could hardly be the 1:1 ratio expected 
in crosses of a heterozygous dominant 
with a “pure” recessive if the pres- 
ence or absence of chorea is deter- 
mined by the distribution of a single 
unit factor. Possibly this type of 
chorea will prove to be represented in 
the germ plasm of some families by 
two more or less independent domi- 
nant genetic factors. It should be de- 
termined in other groups whether a 
similar ratio obtains and whether the 
expected segregation of ratios occur in 
later generations. In one of the fami- 
lies republished by Davenport the ratio 
was six choreic to eight normal, prob- 


ably 1:1. In another, twenty-two 
choreics to eight normal, probably 


There seem to be no recorded mat- 
ings with offspring of choreic & cho- 
reic, '*"” so we do not know whether 
4 ratio approaching 15:1 ever appears 
in some such cases. This observation 
may be pertinent in a discussion of 
the fact discovered by Davenport’ that 
numerous definite biotvpes of the dis- 
case exist in which the classical group 
of symptoms may be dissociated from 
each other. 


Eugenic Significance 


The most striking fact is that one 
choreic has transmitted his defective 
germ plasm directly in unbroken suc- 
cession to nine children, twenty-five 
erandchildren, and, so far, to two 
ereat granchildren, and that none but 
choreics transmitted the chorea. 

The disease has shown no marked 
tendency to be intensified or to set in 
at an earlier age in the later genera- 
tions. Considering the fact that the 
age of onset, especially in generation 
Il is only approximately known and 
that the number of cases is statistically 
insufficient for proof of the “principle 
of anticipation” or “antedating’” em- 
phasized by some writers for mental 
diseases’, one can only adhere to the 
large mass of data (nine hundred and 
sixty-two cases In many generations ) 
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collected by Davenport and Muncie’: 
from which they found that the age 
of onset in choreic parents, grand- 
parents, and great grandparents was 
essentially the same. Hence there is 
no beneficent “purging” process which 
can be relied upon to purify the germ 
plasm automatically. 

Nor is there any evidence in this 
family or elsewhere that the choreic 
individuals are sufficiently marked by 
any physical or mental handicaps pre- 
vious to the appearance of the first 
tremors, warning of approaching dis- 
aster, to cause the gradual elimination 
of this trait from the stock by mar- 
riage selection. In fact, as large a 
proportion of the choreics of genera- 
tions II and III have married as of 
the normal adults. And in the only 
family traced into the fourth (pres- 
ent) generation, all of the adults have 
married! But, fortunately, it does seem 
that no choreic has married in whom 
the disease manifested itse'f before 
twenty-five years of age, or before 
marriage. 

Neither does any form oi repro- 
ductive selection tend to reduce no- 
ticeably the prevalence of the trait by 
lowering the birth rate or by increas- 
ine the death rate before marriage 
age. In generation III the children of 


choreic parentage average 5.85 per 
family; of normal parentage, 5.5 per 
family. But owing to the fact that 
two young choreics never married, the 
nine choreics of generation II left 
forty-one children, an average of only 
4.55, while the two non-choreics left 
eleven, an average of 5.5. 

Thus there probably little mar- 
riage of persons already choreic, but 
no voluntary abstention from marriage 
on the part of those lable to become 
so, nor any selection against them in 
marriage, nor any restriction of birth 
of children who are likely to become 
choreic later and carry the trait on 
to their children. 

It is primarily in such cases that eu- 
genic propaganda might be of great- 
est real racial value, for the simple 
knowledge of the mode of inheritance 
of this dread disease and a glance at 
the warning family history might deter 
anvone from making an intended _ alli- 
ance with the family, or at least from 
having children who have decidedly 
less than a fifty-fiftv chance of grow- 
ing up free from the disease. When 
most people pause in the face of such 
fatal odds against them to take such 
a common-sense consideration of the 
next generation, the Eugenic Age will 
already be upon us. 
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TABLE I. Summary of lour Generations of Chorea in |’—— Family 
Generation Total Number In the Direct Number Bumber not 
Li sted Lineage Choreic Known to be 
Choreic 
I 2 1 1 0 
{I 21 11 9 2 
II! 58 51 25 26 
IV 20 20 2 18 
101 83 37 46 
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KEELLESS COCKEREL 


A Skeletal Defect in the Domestic Fowl 
L. C. DuNN 


Storrs Agricultural Experiment Station* 


Keelless 


4. 
Normal 


THE KEELLESS CHICKEN COMPARED WITH THE NORMAL 


FIGURE 23. 


In preparing these specimens for photographing the skin was cut on a 
straight line over the breastbone and laid back on either side. 


Nothing else was removed or 


cut. The abnormal fowl has no trace of the large “keel” of the breastbone, the crista 
sterna, and the heart lay immediately beneath the skin. 


Corfitzon, a farmer of Cold Spring 

Harbor, New York, noticed among 
his White Leghorn chickens a cockerel 
which appeared to lack entirely the keel 
or blade-like ridge of the breastbone. 
This was the only case of the sort 
which had been noticed by Mr. Cor- 
fitzon in handling large numbers of 
chickens, and he brought it to the at- 
tention of Dr. C. C. Little of the 
Carnegie Institution Department of 
Genetics. Through the kindness of 
Mr. Corfitzon and Dr. Little the writer 
came into possession of this chicken 
and it was subsequently studied at this 
Station. 


[¢ THE summer of 1922, Mr. John 


Description of the Abnormality 


showed this 
abnormality 


which 
skeletal 


The chicken 
rather extreme 


*Contributions in Genetics, No. 27. 
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was a young male of purebred White 
Leghorn ancestry, hatched in the spring 
of 1922. He was healthy, vigorous and 
active. The abnormality was not no- 
ticeable except when the bird was han- 
dled. Then one found that where the 
keel should have been there was no 
bony material at all, but a distinct 
hollow, in which the heart could be 
felt and seen pulsating beneath a thin 
laver of skin. This bird, when he was 
about ten months old, was mated with 
fowls having normal breastbones, and 
after having sired some forty-five off- 
spring he died suddenly at the age of 
about one year. On dissection it ap- 
peared that death was due to hyper- 
trophy of the heart. The heart and 
the pericardial sac which encloses it 
were about twice the normal size. The 
apex of the heart actually protruded 
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beyond the level of the remaining parts 
of the sternum which enclosed it on 
either side, and was protected only by 
a thin laver of skin in place of the 
central part of the sternum which usu- 
ally forms the ventral wall of the 
thorax and interposes a_ strong bony 
wall between the heart and the surface 
of the body. It seemed as though the 
absence of this bony wall had removed 
one of the factors which ordinarily 
limit the development of the heart in 
size, and had in addition left it un- 
protected and exposed to injury from 
without. If such was the case then the 
death of this chicken was due more 
or less directly to the defect of the 
sternum which may, therefore, be con- 
sidered as a lethal or morbid variation 
and assumes on this account a greater 
interest than attaches to minor varia- 
tions which do not atfect the survival 
of the animal. 

A post-mortem photograph of the 
breast region of this chicken is shown 
in Figure 23 compared with a similar 
photograph of a normal White Leghorn 
fowl. In preparing these specimens 
for photographing the skin was cut in 
a straight line over the breastbone and 
laid back on either side. No other tis- 
sue was removed or cut. In the nor- 
mal fowl this dissection exposed the 
straight line of the crista sterna or the 
ridge or keel of the breastbone, together 
with the breast muscles which are at- 
tached on either side of the keel. In 
the abnormal fowl there was found to 
be no trace of the keel; the median 
part of the sternum was entirely ab- 
sent and all that remained of this large 
bone were the anterior and _ lateral 
parts, which divided just anterior to 
the heart and formed a light wishbone- 
shaped bone with lateral wings ex- 
tending backward along the sides of 
the thoracic cavity. The heart and the 
liver lobes were visible (Figure 23) be- 
tween these wings of bone and lay, 
therefore, directly beneath the skin. 

Such a condition is unique in_ the 
writer's experience of handling some 
fifteen thousand chickens, nor can I 
find that other persons, familiar with 


poultry have encountered a fowl of this 
tvpe. In one case I have noted a 
White Leghorn hen in which the breast- 
bone appeared to be split or indented at 
the keel, but the whole bone with the 
exception of the keel was present. The 
keel in fowls is frequently bent or de- 
flected to one side. This is usually evi- 
dence of rachitis (rickets) in which, 
following a deficient diet, the bones 
do not properly harden or caleify dur- 
ing the growth and frequently assume 
unusual shapes. In the keelless fowl 
examined the structure of all the other 
bones appeared to be normal and there 
was no evidence of rachitis in the rest 
of the flock with which this chicken 
Was reared. 


Result of Breeding Experiments 

The sudden occurrence, rarity and 
striking nature of the variation made 
it seem possible that this bone defect 
might represent a true mutation and 
prove to be inherited. This male was, 
theretore, bred early in 1923 to four 
pullets with normal breastboues, and 
to one hen (noted above) which had 
a split or indented keel. From these 
matings forty-five chickens were 
hatched, all normal all respects. 
When mature six of these Is females 
(including two offspring of the fe- 
male was the split breastbone) were 
mated with an male. Eighty-five F: 
chickens were observed and found. to 
be normal. Thirty-four of these were 
descendants of the split breastbone fe- 
male. The non-appearance in the F: 
progeny of either the chief defect as 
found in the abnormal male or the 
lesser defect as shown in the split 
breastbone female is good evidence 
that the defects noted are not heritable 
and that they did not originate by mu- 
tation in a single gene. 

It is probable that like a number 
of other defects in chickens and other 
animals they were due to rather rare 
accidents in development. In the case 
of the keelless male this accident must 
have taken place very early in develop- 
ment, for the cartilaginous centers of 
bone formation are established in the 
embrvo betore hatching. 
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HYBRID BETWEEN DIFFERENT SPECIES 
COTTON 


THomMas H. KEARNEY 


United States Department of Agriculture 


HE science of genetics has 
reached its present stage of ad- 


vancement by intensive investi- 
eation of particular factors, rather than 
by study of the organism as a whole. 
Genetic investigations for the most part 
deal with crosses between nearly related 
forms which differ, apparently, in only 
one or a few genes. In such cases no 
especial interest attaches to the “resid- 
ual heredity,” the mass of characters 
possessed in common by the parental 
forms. 

Another condition is encountered 
when dealing with distinct species, dif- 
fering in a multitude of characters, 
many of which are of a complex nature. 
Hybrids between species involve the 
most varied recombinations of the well- 
nigh mnumerable factors. Consequently 
the offspring in the second generation 
show a bewildering diversity and often 
are very unlike either parent. Under 
these conditions every hybrid individual 
hecomes an object of interest, at least 
to the practical breeder. 

Gossypium, the genus to which the 
cotton plant belongs, affords excelleni 
material for the study of interspecific 
hybrids. All forms of the Amevican 
series, which comprises numerous spe- 
cles recognized as distinct by botaiusts, 
are mutually compatible, so far as is 
known. The several species of the 
Asiatic group also can be intercrossed 
readily, but successful hybridization of 
an American with an Asiatic species 
has not been authentically reported. 

The mutual compatibility of very 
different types and the frequency with 
which natural cross-pollination occurs, 
make hybridization in cotton a subject 
of great practical importance. The 
spinning value of the fiber depends 
largely upon its uniformity in length 
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and other properties, and uniform fiber 
is obtainable only if the planting seed 1s 
pure. Hence it is often necessary to 
isolate the seed increase fields and to 
eliminate accidental hybrids by roguing 
in order to maintain the quality of the 


product. 
The bad effects of accidental cross- 
pollination are especially noticeable 


when different species such as upland 
and Sea Island or upland and Egyptian 
are grown in the same locality. The 
tact that both Egyptian upland 
cottons are grown in Arizona made it 
desirable to study hybrids between 
these types in order that roguing to 
eliminate the products of accidental 
cross-pollination could be done intelli- 


eently. The details of the investigation 
have been published elsewhere.” In 


this paper we shall merely review some 
of the more important results, empha- 
sizing the profound modification of the 
whole organism resulting from so wide 
a Cross. 


Characters of the Parents 


The parents of the hybrid were of 
the Holdon variety of upland cotton 


and the Pima variety of Egyptian 
cotton. The characters distinguishing 


the parent varieties also distinguish, in 
large measure, the species to which they 
respectively belong. Thirty-nine char- 
acters in respect to which the parents 
differed significantly, were determined 
by measurement or grading in_ the 
second generation of the hybrid, of 
which 215 individuals were grown. 
Holdon and Pima differ many 
other characters which were not deter- 
mined quantitatively, because of the 
diffculty of measuring or grading them. 

Some of the more striking differences 
between the parent species are shown 
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in Figures 24, 25, 26, and 27. In 
nearly all size characters the Egyptian 
parent exceeds the upland parent, hav- 
ing the stem much taller with more 
numerous and longer internodes; the 
fruiting branches much longer and 
with much longer internodes; the leaf 
much longer and broader; and_ the 
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corolla, pistil and fiber much longer. 
The only size characters in which the 
upland parent surpasses the Egyptian 
parent are length of the filaments of 
the stamens and diameter of the boll. 
Differences in respect to other than 
simple size characters may be summar- 
ized as follows: 


Characters of the 


Leaf 


Upland Parent 


Slightly wider than long, rela- 
tively  shallow-lobed, having a 
relatively deep basal sinus, thin 
and soft of texture, dull-surtaced, 


Kyyptian Parent 


Considerably wider than long. 
reletively deep-lobed, having a 
relatively shallow basal sinus, 


thick and stiff of texture, shiny- 


hairy (as 1s 
callus (thickened 
midvein ). 


Round, almost 
sharply defined. 


nectarics 


[nvolucral bracts Soft - textured, 


also. the 
bright green, having a bright red 
base 


heart - shaped, 


deep - cleft, the 


petiole), surfaced, smooth (as is also the 
petiole), dark green, having a 


of the ereenish or pale brown callus. 


Elongated and of rather in- 


definite outline. 


Crisp-textured, shallow-toothed, 


teeth erect and relatively broad. the teeth spreading and_ bristle- 

like. 
Calyx Conspicuously toothed, yvellowish Not toothed, unitormly dull 
with a bright green margin, oil green, oil glands numerous and 


elands few and scattered. 


Corolla 


Shallow and 


crowded. 


flaring, very pale Deep and narrow, bright vellow, 
greenish-yellow, without a petal having a conspicuous dark red 
spot. spot near the base of the petal. 

Pollen Very pale colored, having only Bright empire yellow. 

a tinge of vellow. 

Pistil Stigmas (the exserted portion) Stigmas averaging about = one- 
averaging less than one-seyenth fourth ot the length of the pistil. 
of the length of the nistil. 

Boll Four- or five-locked, nearly Three- or four-locked, approx- 
spherical, broad at base, beakless imately conical, narrowed at base 
or having a very short, blunt tip, and tapering to a conspicuous 
“midlock furrow’ extending beak, midlock furrow none, sur- 
very short distance from the apex, face olive green, roughened by the 
surface pale green, very smooth, pits in which lie the conspicuous 
the oil glands inconspicuous. oul glands. 

Fiber About 1% inches long, white. About 15, inches long, pale 

buff. 

Seeds Completely covered with white Partly covered w eth greenish or 
fuzz. brownish fuzz. 

The Conjugate Generation of the plants. The population was highly 


Hybrid 
In the first or conjugate generation,* 
the hybrid was characterized by great 
vegetative vigor and fruitfulness of the 


uniform, few of its characters showing 
greater variability than in the parental 
populations. There was intensification 
or heterosis in most of the size charac- 


*The convenient terms “conjugate” and “perjugate,” indicating the distinction between the 


first generation and all later generations of a hybrid, were introduced by O. F. 
Journal of Heredity, 6255-56. 


Classes of Hybrids. 


Cook (Two 
1915). 


| 
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Holdon First Generation Pima 


BOLLS OF THE PARENTAL AND HYBRID PLANTS 


Khigtre 24. The top row shows the type of bolls tound in the two parental species 
and in the first generation hybrid. The bolls in the three remaining rows are from second 
generation plants, showing the diversity encountered in the perjugate generations (See 
footnote on opposite page). Lhe Holdon parent has a relatively round boll, with the “beak’’ 
almost entirely absent, a short midlock furrow (at the tip of the boll), light color, and 
smooth surface, the oil glands being very inconspicuous. The Pima parent has a relatively 
long, narrow boll, with a prominent “beak,” no midlock furrow, dark green color, and a 
deeply pitted surface. The boll of the first generation hybrid resembles the Pima parent 
in having a well-developed “beak” and no midlock furrow, and is intermediate between the 
two parents in other characters. The second generation bolls show extreme variations in 
size, shape, color, and character of surtace. 
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Holdon 


Pima 


FLOWERS OF THE TWO PARENTAL SPECIES 


Figure 25. The Holdon flower has relatively smaller petals than 
the Pima, and a notched calyx with few oil glands. The calyx of the 
Pima flower is entire, and its surface is pitted with many oil glands. 
It is odd that the three characters showing Mendelian ratios were 
flower characters. 
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THE FLOWERS IN SECTION 


FiGuRE 26. The filaments of the stamens in the Holdon flower 
are long and the stigma is short, while in the Egyptian flower just 
the opposite combination is found—a long stigma and short stamen 
filaments. There is a conspicuous dark red spot at the base of the 
petal in the Pima flower which is lacking in the other. 
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The Holdon, or Short-Fibered 
Parent 


The Pima, or Long-Fibered 
Parent 


The Shortest-Fibered Sec- 
ond Generation Plant 


The Longest-Fibered Second 
Generation Plant 


The First Generation Hybrid, 
with Fibre Nearly as Long 
as the Pima Parent 


COMBED-OUT FIBRE ON THE SEED OF THE PARENTAL AND HYBRID 
PLANTS 


FiguRE 27. The combination of the large sized bell and eariy fruiting characters of the 
Upiand parent (Holdon) with the long fibre of the Egyptian would be very desirable, but 
the chances of getting a stable combination of this kind are remote. The vigorous, 
long-fibered first generation plants arouse false hopes that their type will be stabilized in 
later generations, but the results are always disappointing. 
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ters, while in other characters the 
hybrid was intermediate or approached 
one or the other parent. Characteris- 
tics of the first generation plants are 
shown in Figures 24 and 27. 

First generation hybrids between up- 
land and Egyptian cottons are sure to 
attract attention because of the large 
size, great fertility and marked uni- 
formity of the plants and because they 
approach the Egyptian parent in length 
of the fiber. Such plants often are 
saved for seed with the idea of initi- 
ating a very productive type of long 
staple cotton. The outcome in later 
generations is always disappointing and 
the present case, as we shall see, was 
no exception. 


The Perjugate Generations of the 
Hybrid 


The great variability of the second 
generation was in most pronounced 
contrast to the uniformity of the first 
generation. Not only was there all 
inanner of recombination of the char- 
acters of the parent types but many 
of these characters were expressed in 
an exaggerated form. Moreover, nu- 
merous characters not observed in 
either parent appeared in the second 
generation, some of these having been 
decidedly abnormal. Many individuals 
were so strikingly different from either 
upland or Egyptian cotton that a bot- 
anist, unaware of their hybrid origin, 
would take them to represent new spe- 
cies. In view of the readiness with 
which cross-pollination takes place be- 
tween distinct species of cotton and the 
multitude of striking variations shown 
in the offspring of such crosses, it 1s no 
wonder that systematic botanists have 
found Gossypiin a troublesome genus 
to deal with. 

Third generation progenies of the 
most striking second generation indi- 
viduals were grown and in several cases 
the offspring expressed uniformly the 


more remarkable characters of the par- 
ent. Some of the interesting forms 
reproduced in the third generation are 
shown in Figures 28 to 34, inclusive. 
A noteworthy case was that of second 
generation plant No. 61, a large plant 
with numerous long vegetative branches. 
It resembled the Egyptian parent in the 
size of the flowers and the upland par- 
ent in the pale color of the petals. A 
remarkable character was bluish- 
white color of the practically glabrous 
foliage. There was no suggestion of this 
color in either parent and it does not oc- 
cur in any cultivated cotton known to 
the writer.* These characters were ex- 
pressed quite regularly in the third 
generation progeny of this plant (Fig- 
ure 31). 

Variations in the second generation 
in the characters of bolls and fiber are 
illustrated in Figures 24 and 27.7 


The wideness of the cross between 
upland and Egyptian cottons was _ re- 
flected in the second generation of the 
hybrid not only in the appearance of 
numerous extraparental characters, but 
in the prevalence of sterility. Fifteen 
of the 215 second generation individuals 
(7 per cent of the population) pro- 
duced no seed whatever, while many 
other plants showed a very low degree 
of fertility. Defects of the reproduc- 
tive organs, such as small and imperfect 
anthers, were common. The seed pro- 
duced by many of the second generation 
plants was of low viability, as was 
shown by the poor stands obtained in 
their progenies. A low average degree 
of fertility was shown also by the third 
generation plants. 


Inheritance of Particular Characters 


Few of the thirty-nine characters 
determined by measurement or grading 
showed a simple type of inheritance in 
the second generation. Segregation in 
definite Mendelian ratios was indicated 


*Gossypium Sturtii, a species native in Australia, is described as having glaucous foliage. 
(GrorGE Watt. The Wild and Cultivated Cotton Plants of the World. London. 1907. 


pp. 63, 64.) 


t+Interesting variations which appeared in the second generation of a hybrid between 
Egyptian and Hindi cottons, were illustrated in a paper by CHARLES G. MARSHALL ( Perju- 
gate Cotton Hybrids. Journal of Heredity, 6:57-64. 1915). 
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Progeny No. 1°%4 


Progeny No. 171 


PROGENIES FROM THE THIRD GENERATION OF THE CROSS 


FIGURE 28. This progeny was charac- 
terized by the extreme cluster habit 
(very short fruiting branches), complete 
or nearly complete absence of vegetative 
branches, and deeply, narrowly lobed 
leaves. 


29. This) progeny was 


Upland-like 


(resembled the Holdon parent) in many of its 
characters. It had the very” short fruiting 
branches of ciuster cotton large, coarse, 


dark-green leaves, which showed a_ tendency to 
crumpling or buckling. 
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Progeny No. 178 Progeny No. 61 


THIRD GENERATION PROGENIES EXHIBITING CHARACTERS FOUND IN 
NEITHER PARENT 


igure 30. The plants of this Figure 31 The plants of this progeny quite regularly 
progeny were slender and rigid, had foliage of a bluish color found in no cultivated 
with erect vegetative branches. species of cotton. The flowers resembled the Egyptian 


They are remarkable for the parent in size of the petals and in having a conspicuous 
nearly erect position of the leaf spot on the petals, and the Upland parent in the color 
blades, of which the ventral sur- of the petals. Vhe plants shown in Figures 28 to 34, 
face faced outward instead of inclusive, are all photographed in the same scale, so the 
downward, this beng a character ilustrations give an idea of the variation in size of the 
found in neither parent. plants found in the perjugate generations of this cross. 


in only three characters—petal spot. one-fourth of the second generation 
anther or pollen color, and midlock population had the petals entirely de- 


furrow of the boll. Approximately void of a spot, this fact indicating that 


tTo this number, bract connation possibly should be added. Thirty-three per cent of the 
second generation individuals showed complete separation of the bases of the bracts as con- 
trasted with connation in any degree. The departure from the 25 per cent expected if free 
bracts is conditioned by a single recessive factor is less than four times its probable error. 
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Progeny No. 156 
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Progeny No. 16 


RECOMBINATION OF CHARACTERS 


Figure 32. This third generation progeny 
was characterized by its very dense habit of 
erowth, numerous vegetative branches nearly 
equalling the axis in length, small Upland- 
like leaves (mostly 3-lobed), and bolls of 
Egyptian color and shape. 


the spotless condition, as contrasted 
with presence of the spot in any degree, 
is a single-factor recessive. [his inter- 
pretation was supported by evidence 
from the third generation. Pale color 
of the pollen, as contrasted with a 
bright yellow color, also appeared to 
be a simple recessive. ‘The inheritance 
of the midlock furrow is of a more 
complex nature, but the frequency dis- 
tribution in the second generation could 
be interpreted on the assumption that 
absence of the furrow results from the 
combination of two dominant factors. 
This should give a proportion of nine 
plants without a midlock furrow to 
seven plants having the furrow present, 
which was realized within the limit of 
error. It mav be noted that all of these 


FiGuRE 33. This progeny somewhat resem- 
bled the Hindi or weed cotton of Egypt. The 
plants were small and compact and the leaves 
were 1- to 3-lobed, bright green, tender and 
crinkly-margined, the last an extra-parental 
character. 


recessive characters were derived from 
the upland rather than the Egyptian 
parent. 

The second generation distributions 
for the remaining characters showed 
only one mode, or the indication of a 
second mode was so slight as to be in 
all probability not significant. In most 
cases the curve resembled normal 
frequency curve. Thus the distribution 
was of the type which has been re- 
corded for the great majority of size 
characters. A population of 200 should 
show segregation in a definite ratio, if 
not more than two factors are involved. 
It may be concluded, therefore, that 
each of these characters involves at 


least three factors. Application to many 
East’s criteria 


of these characters of 
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Progeny No. 40 


A PLANT OF THE TALLEST 
PROGENY 


FicgurE 34. The plants of this progeny 
averaged taller than those of any other in 
the third generation, and many of them 
were also entirely or partly sterile. In = so 
wide a cross considerable sterility is to be 
expected, and about 7 per cent of the second 
generation plants produced seed, while 
many others were partially sterile or pro- 
duced seed of low viability. 


of segregation in cases where recog- 
nizable Mendelian ratios are not ob- 
tained’ indicated that segregation had. 
in fact, occurred. This category of 
presumably multifactorial characters 
included all that are of practical im- 


portance, such as size of the boll, num- 
ber of boll-locks, length, color and 
abundance of the fiber and fuzziness 
of the seeds. 


Correlation of Characters 


The correlations among all possible 
combinations of thirty-eight characters 
were determined in the second genera- 
tion population, the number of such 
combinations being 703. Only ninety- 
three pairs of characters gave coeff- 
cients of correlation that were probably 
significant. More than half of the 
significant correlations were between 
characters having an obvious physical 
or physiological relationship, such as 
length of the stem and length and 
number of its internodes, length and 
width of the leaf, etc. Only twenty- 
four ot the significant correlations 
were of a nature indicating linkage, 
and in none of these was the coefficient 
of correlation greater than 0.29. If 
there really is linkage in these cases, 
the percentage of crossing-over must be 
high or the number of factors involved 
must be large. 

It may be noted that there was almost 
no correlation among characters that 
are important trom an agricultural or 
commercial point of view. 


Prospect of Obtaining a Desirable 
Upland « Egyptian Recombination 


If the large bolls and early-maturing 
habit of upland cotton could be com- 
bined with the long silky fiber and 
relatively smooth seeds of Sea Island or 
Egyptian cotton, and if the recombina- 
tion were satisfactory in other respects, 
a type of surpassing agricultural and 
commercial value would be obtained. 
It is not surprising that many cotton 
breeders have tried for this goal, 
spurred on by the fine appearance of 
the hybrid plants in the first genera- 
tion. Such a_ recombination is, of 
course, theoretically possible, but the 
chances are heavily against obtaining it, 
if we may judge from the results of 
this investigation. 

The facts that there is almost com- 


plete freedom of recombination (ab- 
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sence of correlation) among the prac- 
tically important characters and_ that 
some of the recombinations were rela- 
tively uniform as early as in the third 
eeneration seem favorable to success 
in this endeavor. Yet among the 215 
second generation individuals of this 
upland-Egyptian hybrid not one showed 
a near approach to an association of 
upland size of bolls with Egyptian 
length of fiber and relative smoothness 
of seeds. 

Consideration of the mathematical 
probabilities shows the extreme unlike- 
lihood of finding such an_ individual 
ina population of this size. The nature 
of the frequency distributions in the 


second generation for boll diameter 
fiber length, and seed fuzziness indi- 


cates that each of these characters in- 
volves not fewer than three factors. As- 
suming that a combination homozygous 
for nine factors would be required in 
order to have full expression of the 
upland boll size and of the Egyptian 
fiber length and seed character, there 
would be only an even chance that a 
second generation population of 182,000 
would contain one such individual. 
Even were it practicable to grow so 
large a hybrid population, 
of the one desirable plant, if present, 
would be extremely unlikely because 
of the amount of labor involved in de- 
termining the fiber and seed characters. 

It is true that inihave to recover in 
the second generation a desired re- 
combination of numerous factors does 
rot exhaust the possibilities. Emerson 
and East’ have pointed the way to 
surmount this difficultv by selection in 
successive generations of the individual 
showing the closest approach to the 
ideal or by intercrossing two or more 
such individuals. 

3ut the problem has been stated so 


discovery 
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far in its simplest terms. Numerous 
other characters, all probably otf a com- 
plex nature, must be taken into account 
if a satisfactory new variety is to be 
obtained by hybridization of upland and 
Egyptian cottons.  Fruitfulness and 
habit of the plants, and such properties 
of the fiber as fineness, strength and 
abundance, would have to be considered. 
The marked tendency to sterility in the 
hybrid here described would undoubt- 
edly prove a_ serious obstacle. The 
chances are great that an otherwise 
desirable recombination would have to 
be rejected on the score of unftruit- 
fulness. 

If our analysis of the problem is 
well-founded, the development of an 
improved type by hybridization between 
upland and Egyptian cottons is not a 
task to be entered upon hghtly. = In 
default of extraordinary luck, large 
resources of money, time, and perse- 
verance are likely to be needed. The 
prize is a rich one, but the odds against 
winning it are very heavy. 

Much less serious are the obstacles 
to be overcome in combining by hy- 
bridization the desirable characteristics 
of more closely related forms.  [xpe- 
rience has shown this to be the case in 
crosses between different varieties 
of Egyptian cotton, such as Pima, the 
variety grown commercially in Arizona, 
and Sakellaridis, the most valuable of 
the varieties grown in Egypt. Segre- 
gation in the second generation is much 
less pronounced than the upland- 
Egyptian hybrid, there being merely 
various recombinations of the parental 
characters. No abnormalities or other 
new characters and no tendency to ster- 
ity have been observed. The offspring 
of several such recombinations have 
proved to be uniform and stable in the 
third and later generations. 
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